Electronic Version 
Stylesheet Version vl.1.1 

Description 

[STRUCTURE OF THIN-FILM TRANSISTOR 
AND METHOD AND EQUIPMENT FOR 
FABRICATING THE STRUCTURE] 

Cross Reference to Related Applications 

[0001] jhis application claims the priority benefit of Japanese ap- 
plication serial no. 2003-164366, filed May 07, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to thin-film transistor (TFT). 
More particularly, the present invention relates to technol- 
ogy for fabricating a crystalline Si TFT using excimer laser. 

[0004] Description of Related Art 

[0005] In the following descriptions, the semiconductor material, 
such as silicon or germanium, are used. However, silicon 
is used as the example for descriptions. 

[0006] In recent years, it is strongly intended for the develop- 
ments of TFT, used to drive the pixel in Active Matrix Liq- 



uid Crystal Display (AMLCD) or the Active Matrix Organic 
Light Emission Display (AMOLED). The TFT can be a 
polysilicon TFT or an amorphous-silicon (a-Si) TFT. 

[0007] the polysilicon TFT, since it has high mobility, it is 

promising for use in driving the pixels, and use as a part 
of peripheral driving circuit, or even use in circuit fabrica- 
tion by forming the process circuit directly on a glass or 
plastic substrate. 

[0008] If the TFT is used to achieve a sufficiently-high informa- 
tion processing speed, it is necessary to increase the mo- 
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bility up to 300 cm /V-s. In order to achieve such high 
mobility, the quality for the crystal silicon film and the 
gate insulator should be sufficiently good. However, with 
respect to the silicon film, the current technology can only 
form polysilicon film on a glass substrate. The gain 
boundary of polysilicon actives as an electron scattering 
center, therefore, the grain boundary reduces the mobility 
of TFT. On the other hand, with respect to the gate insu- 
lator, since the fabrication temperature is restricted to be 
less than 500°C, the oxide charges of the gate insulator 
and the interface states are usually high. In addition, for 
the current fabrication processes for TFT, before deposi- 
tion of the gate insulator, the photolithography and etch- 



ing processes for forming the active semiconductor is- 
lands of transistor are performed. Tiiis piiotolithograpiiic 
process causes the poor quality between the semiconduc- 
tor film and the gate insulator. The quality between the 
semiconductor film and the gate insulator not only re- 
duces the threshold voltage of the TFT but also raises the 
subthreshold (S) swing, also and the mobility is reduced. 
In order to obtain high performance TFT, it is that not 
only the grain boundary in the channel is necessary to be 
reduced, but also it is necessary to form the gate insulator 
in high quality, and have high interface quality between 
the semiconductor film and the gate insulator. 
[0009] vvith respect to improving quality of the polysilicon film, 
in recent years, the silicon film can have lateral growth in- 
duced by excimer laser, so that the direction of lateral 
growth can along the channel direction of TFT. As a result, 
when the carriers move over the channel, the carriers are 
not necessary to cross the grain boundaries, resulting in a 

2 

high mobility by greater than 400 cm /V-s. Therefore, the 
technology for fabricating the TFT with the lateral growth 
is recently developed one after one. In general, the lateral 
growth can be achieved by creating a temperature grading 
on surface of a melted silicon film, whereby the crystal 



growth can occur from the low temperature to high tem- 
perature. The method for having the temperature grading 
on the silicon film can use laser to have an intensity dis- 
tribution in space. Since the silicon film absorbs different 
laser intensity in different locations, the temperature 
grading on the silicon film is created. The method for giv- 
ing distribution of laser intensity in space is, for example, 
the Super Lateral Solidified (SLS) Excimer Laser Annealing, 
or the phase modulated Excimer Laser Annealing (PMELA) 
method. However, these methods need the light beam to 
be modulated by either light mask or phase shift mask, 
and these cause the increase of the optical system of laser 
annealing facility and also cause the increase of the fabri- 
cation cost of TFTs. The manufacturers have produced the 
first generation of low-temperature TFT in mass produc- 
tion, wherein the crystallization of silicon film is per- 
formed by excimer laser annealing system. However, this 
kind of first generation for the excimer laser annealing 
system can only uniformly illuminate the silicon film. In 
this manner, the grains are formed randomly, and the lat- 
eral growth cannot be obtained. If the first generation of 
the excimer laser annealing system with the uniform laser 
intensity can be used to have lateral growth, then it is not 



necessary to have extra cost for the new generation of the 
excimer laser annealing system. The fabrication cost can 
be reduced. 

[0010] For the gate insulator, since the fabrication temperature 
for TFT is restricted to be less than 500°C due to the 
thermal endurance of glass substrate, the current method 
cannot form the gate insulating film in sufficient quality. 
The current deposition method for the insulating film is 
plasma enhanced chemical vapor deposition (PECVD). 
However, since the plasma is used, it may cause charge 
damage on the insulating film. In order to reduce the 
damage on the insulating film, the ECR-plasma enhanced 
chemical vapor deposition (ECR-PECVD) is developed. The 
high-pressure water vapor or high-pressure oxygen an- 
nealing method is also developed later. However, the ECR- 
PECVD machine is still involved and the fabrication pro- 
cess is complicate. The laser annealing method of silicon 
nitride film for gate insulator have ever been invented, 
however, the absorption coefficient of the silicon nitride 
film is over high and results in that the light beam is in- 
stantly absorbed at the surface of the silicon nitride film 
with difficulty to enter the deep part of the silicon nitride 
film. As a result, the annealing effect is insufficient. 



[0011] For another well-known fabrication process in top-gate 
TFT, the silicon film serving as semiconductor film is first 
patterned by photolithographic and etching processes to 
form the active silicon islands of TFT. Then, the silicon 
oxide serving as the gate insulator of the TFT is deposited 
on the silicon islands. However, in this patterning process, 
the silicon film is exposed to the air during transporta- 
tion, and further the silicon film is coated by the photore- 
sist, the surface of silicon film is easily to be contami- 
nated or adhered with dust particles. This causes the dif- 
ficult to maintain a clean interface between the semicon- 
ductor film and the gate insulator, and resulting in reduc- 
ing the TFT performance and causing low yield of TFT. In 
order to solve the above problems, it is necessary to de- 
velop the photolithography and etching technology with- 
out using the photoresist and the TFT fabrication pro- 
cesses without exposed to the air from forming the active 
semiconductor film, patterning the semiconductor film to 
form the semiconductor island, and to depositing of the 

gate insulator. 
Summary of Invention 

[0012] jhe invention provides a method for fabricating the TFT 
with improved performance, wherein the foregoing con- 



ventional issues can be effectively solved. 

[0013] It is not necessary to include the photoresist used in con- 
ventional photolithographic and etching processes. Also 
and, the photolithographic and etching processes are not 
necessary to be exposing under the air. By a simple pro- 
cess, the silicon island by lateral growth or single-crystal 
silicon island can be achieved. The property of gate insu- 
lator can be improved. As a result, the fabrication process 
for TFT can significantly improve the TFT performance, 
the yield, and the throughput. 

[0014] jhe invention provides a method for fabricating a TFT. A 
semiconductor film is formed over a substrate. A semi- 
conductor island is formed by patterning the semiconduc- 
tor film. An insulating film is formed over the substrate. 
An optical annealing, such as laser annealing, process is 
performed to crystallize the semiconductor island. A tran- 
sistor is formed on the semiconductor island. 

[0015] In another aspect, a patterning method on an amorphous 
semiconductor film uses a light beam, such as laser beam, 
to illuminate through a mask onto the amorphous semi- 
conductor film, so as to crystallize a portion of the amor- 
phous semiconductor film into a crystal semiconductor 
portion, or form an oxide on the amorphous semiconduc- 



tor island in an oxygen ambience. Tlien, a gas etcliing 
process, sucli as H atoms, is performed to remove a por- 
tion of tlie amorplious semiconductor not being illumi- 
nated by the laser. 
[0016] In another aspect, a structure of thin-film transistor (TFT) 
comprises a poly-crystal semiconductor island, formed on 
a substrate. Wherein, the poly-crystal semiconductor is- 
land is with respect to a rectangular region having a long 
side and a short side. A plurality long-shape crystal grains 
from a center strip region along the direction of the long 
side to the long side. A gate insulating film is disposed 
over the semiconductor island. A strip gate is located on 
the gate insulating film between the center grain bound- 
ary and the long side, wherein a direction of the strip gate 
in along the direction of the long side. A source region 
and a drain region are parts of the semiconductor island 

at each side of the strip gate. 
Brief Description of Drawings 

[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 



of the invention. 
[0018] FICs. lA-lFare cross-sectional views, scliematically illus- 
trating the process flow diagram for fabricating TFT over a 
substrate, according to a preferred embodiment of the in- 
vention. 

[0019] FIG. 2 is a drawing, schematically illustrating the lateral 
growth length with respect to thickness of the semi- 
transparent layer. 

[0020] FIG. 3 is a drawing, schematically illustrating the etching 
rate with respect to hydrogen atoms in amorphous silicon, 
polysilicon silicon, and silicon oxide. 

[0021] FIGs. 4A- 4B are drawings, schematically illustrating the 
novel etching process of surface-oxide, according to a 
preferred embodiment of the invention. 

[0022] FIGs. 5A-5B are drawings, schematically illustrating the 
novel etching process of phase-change, according to a 
preferred embodiment of the invention. 

[0023] FIG. 6 is a drawing, schematically illustrating the equip- 
ment of semiconductor fabrication in multiple chambers, 
according to a preferred embodiment of the invention. 

[0024] FIGs. 7A-7F are cross-sectional views, schematically illus- 
trating the TFT, according to a preferred embodiment of 
the invention. 



[0025] FIGs. 8A-8F are cross- sectional views, schematically il- 
lustrating the TFT, according to another preferred embod- 
iment of the invention. 

[0026] FIGs. 9A-9F are cross- sectional views, schematically il- 
lustrating the TFT, according to another preferred embod- 
iment of the invention. 

[0027] FIGs. lOA- lOD are cross-sectional views, schematically 
illustrating the shape of semiconductor island in the pro- 
cess FIG. IB, according to another preferred embodiment 
of the invention. 

[0028] FIGs. IIA- IIF are cross-sectional views, schematically il- 
lustrating in the process FIG. ID, according to another 

preferred embodiment of the invention. 
Detailed Description 

[0029] In the invention, the crystallization of the semiconductor 
film is described first. FIGs. lA-lFare cross-sectional 
views, schematically illustrating the process flow diagram 
for fabricating TFT over a substrate, according to a pre- 
ferred embodiment of the invention. The coordinate sys- 
tem of xyz is shown at left side, in which the substrate is 
parallel to the xy plane. In FIG. lA, a protection film 15, 
from silicon oxide as an example, is formed over the sub- 
strate 10. A semiconductor film 20f is then deposited over 



the protection film 15. In FIG. IB, the semiconductor film 
20f is patterned by, for example, photolithographic and 
etching processes to form a TFT active region as a semi- 
conductor island 20. The surface of the semiconductor is- 
land 20 has the shape as shown in FIGs. lOA-lOD to be 
described later. The semiconductor-island formation pro- 
cess can refer to steps in FIG. lA to FIG. IB to form the 
semiconductor island 20. In FIG. IG, an insulating film 
30a is formed over the semiconductor island 20 and the 
protection film 15, as referred to be the covering-film 
formation process. In FIG. ID, a light beam, such as a 
light beam, 40 illuminates over the substrate 10 from the 
front side. However, the light beam 40 can also illuminate 
from the bottom side of the substrate 10, as for example 
shown in FIG. lD(a), in which the mechanism and the 
crystallization process remain the same effects. In the 
crystallization process, after the semiconductor film 20 is 
melt, the periphery of the semiconductor island 20 has 
the lateral thermal flow 50a and a downward thermal flow 
50b. The center region of the semiconductor island 20 
can only have the downward thermal flow 50b, therefore, 
the temperature at the side peripheral region decreases in 
relative faster speed. The occurrence of crystallization 



seeds at the side peripheral region of the semiconductor 
island 20 is earlier, wherein the lateral growth occurs from 
the side of the semiconductor island 20 to the center re- 
gion. 

[0030] In FIGs. IIA-IIF, the various shapes of the semiconduc- 
tor island 20 after optical annealing, such as laser anneal- 
ing, for the crystal growth are shown. If the length in the y 
direction of the semiconductor island 20 has about the 
same length in x direction (see FIG. lOA), then the crystal 
shape is shown in FIG. IIA. The grain boundary 201a oc- 
curs on each diagonal line to form the X-word large 
ground boundary (like collision). In FIG. lOB, if the length 
in X direction of the semiconductor island 20 is different 
from the length in y direction, then for example in FIG. 
IIB, in addition to the two longitudinal sides 201c of the 
semiconductor island 20, the grain boundary 201b paral- 
lel to the X-axis exists at the center line of the semicon- 
ductor island 20. When this structure is used to form the 
TFT, and moving direction of carriers through the channel 
of TFT is along the lateral growth direction, as shown in 
FIGs. 7B and 8B, and the channel is not set on the center- 
line grain boundary 201b, consequently, the probability 
for the carriers in perpendicularly crossing over the grain 



boundary is greatly reduced. Even though the grain 
boundary 201c, which is perpendicular to the channel di- 
rection, is still exiting, the effect in crossing the boundary 
201c can be effectively reduced when the longitudinal 
length is larger than the transverse width in a large ratio. 
In this manner, the performance of TFT can be greatly im- 
proved. In the channel, only the two side regions have the 
gain boundary 201c, in crossing with the channel. This 
can further reduce the variance of performance of TFT due 
to the grain boundary. 

[0031] If the semiconductor island 20 in FIG. 1 is a sawing shape, 
as shown in FIG. lOG, then the crystal grain is shown in 
FIG. lie. The crystal grown in the concave region 20x is 
growing up in higher tendency to reach the center region 
of the semiconductor island 20. In this manner, the num- 
ber of crystal grains can be controlled. 

[0032] The shape of the semiconductor island 20 in FIG. 1 can be 
formed as shown in FIG. lOD, wherein the semiconductor 
island 20 is connected with a semiconductor peninsula 
210. The temperature is down in faster speed at the 
peninsula 210, and the crystal growth first occurs at here 
and follows the crystal-growing direction indicated by ar- 
row in FIG. IID. As a result, single crystallization of semi- 



conductor island 20 was realized. 

[0033] In the subsequent fabrication processes, the insulating 
film 30a formed in the covering-film formation process, 
as shown in FIG. IC, can directly serve as gate insulator of 
the TFT. Since temperature of the insulating film 30a is si- 
multaneously raised when the laser annealing is per- 
formed on the semiconductor film in FIG. ID, it can be 
expected to have good insulating quality in low density of 
the interface states and low oxide charges. If the insulat- 
ing film 30a, with respect to laser, does not absorb the 
light, the lateral growth can only be up to 2 microns. 
When the semiconductor islands 20 in FIG. lOB and FIG. 
IOC have the y length larger than the length of later 
growth by factor of two, before the lateral growth reaches 
to the center of the island, the nucleation have occurs at 
the center region (see FIG. HE) in small crystal region 
205. These regions cause the poor performance of TFT. 

[0034] In another point of view for FIG. IID for the semiconduc- 
tor island 20, in FIG. IIF, from the joining region 220 of 
the semiconductor island 20 and the semiconductor 
peninsula 210, the region 205 farther than the length of 
the lateral growth has the small grain size being occur- 
rence. In this manner, when the larger size of semicon- 



ductor island 20 is to be crystallized, in order to prevent 
the small grain size in the region 205 from occurring, the 
length of lateral growth should be increased. 
[0035] In order to increase the melting time period for the semi- 
conductor island 20 being illuminated by the laser, as 
shown in FIG. IE, the semi-transparent film 30b with ab- 
sorption coefficient of 1000 40000 cm~^, or preferably 
4000 14000 cm~^ with respect to a light beam with wave- 
length dependence, is disposed on the insulating film 
30a. FIG. 2 shows the relation of the thickness of semi- 
transparent film 30b with grain size of the lateral growth, 
wherein the absorption coefficient is 12000 cm~^. Accord- 
ing to the lateral growth length increases when the thick- 
ness of the semi-transparent film 30b increases. It can be 
Judged according to the drawing. If the y direction in FIGs. 
1 IB- lie is desired to have 10 microns for the lateral 
grown of the semiconductor island 20, lateral growth 
length should be greater than 5 microns, so as to prevent 
the small grains in the region 205 as shown in FIG. IIF 
from occurring. Or, if the distance from the joining region 
220 of the semiconductor island 20 and the semiconduc- 
tor peninsula in FIG. IID to any side is expected to be 
greater than 5 microns for this semiconductor island 20, 



then the lateral growth length needs to be greater than 5 
microns, so as to prevent the small grains in the region 
205, as shown in FIG. IIF, from occurring. Therefore, in 
order to have the lateral growth to have at least 5 mi- 
crons, the semi-transparent film 30b should have the 
thickness of about greater than 300 nm. 

[0036] jhe insulating film 30a and the semi-transparent film 30b 
are also annealed by the laser, so that a good insulating 
capability can be expected. The insulating film 30a can 
serve as the gate insulator for the TFT fabrication, or the 
insulating film 30a and the semi-transparent film 30b can 
serve as the gate insulator for the TFT fabrication. 

[0037] In the following descriptions, the novel etching process 
without using the photoresist is described. In FIG. IB, 
when the semiconductor film is patterned by photolitho- 
graphic and etching processes, the conventional method 
uses the photoresist for photolithographic process. How- 
ever, when the photoresist is used in photolithographic 
and etching process, the surface of the semiconductor is- 
land 20 is easily contaminated or adhering particles in the 
air. It is difficult to assure the clean interface between the 
semiconductor and the gate insulator. The invention uses 
the difference of etching rate between the semiconductor 



and the oxide, or the difference of etching rate between 
the amorphous semiconductor and crystal semiconductor 
to achieve the patterning process. FIG. 3 shows the etch- 
ing rated for amorphous silicon, polysilicon, and silicon 
oxide with respect to the hydrogen atoms. In FIG. 3, the 
etching rates for amorphous silicon, polysilicon, and sili- 
con oxide are different, so that the selection etching can 
be achieved. This etching using the difference of etching 
rates between the semiconductor and the semiconductor 
oxide is called surface-oxide etching process, and the 
etching using the difference of etching rates between the 
amorphous semiconductor and the poly-crystal semicon- 
ductor is called phase-change etching process. 
[0038] The surface-oxide etching process is described based on 
FIG. 4. The semiconductor film 20f on the substrate is 
kept in an ambience containing oxygen and is illuminated 
by the light beam 40 through the mask 3. Then, a quite 
thin semiconductor oxide film 22 is formed on the portion 
of the semiconductor film being illuminated by the laser. 
The pattern of the semiconductor oxide is the pattern 
from the passing light beam through the mask 3. Then, in 
FIG. 4B, the hydrogen atom 1 is used to etch the semicon- 
ductor film, such as silicon film. In the meantime, since 



the etching rate for the semiconductor film 20f is much 
larger than the semiconductor oxide film 22, the portion 
of the semiconductor film 20f without being covered by 
the semiconductor oxide film 22 is selectively etched. The 
remaining portion of the semiconductor film is covered by 
the oxide film and is the semiconductor island 20. 
[0039] FIG. 5A is used to describe the phase-change etching 
process. The amorphous semiconductor film 20f on the 
substrate is illuminated by the light beam 40 through the 
mask 3. The portion of the amorphous semiconductor film 
20f being illuminated by the light beam is converted into 
poly-crystal semiconductor 20g. The pattern being con- 
verted into poly-crystal semiconductor is the light pattern 
passing through the mask 3. In FIG. 5B, the hydrogen 
atoms 1 etch the semiconductor film. Since the etching 
rate for the amorphous semiconductor film is much larger 
than the poly-crystal semiconductor film 20g, the amor- 
phous semiconductor film is selectively etched. The re- 
maining portion is the poly-crystal semiconductor 20g, so 
that the semiconductor island 20 can be formed with a 
pattern matching with the passing light through the mask 
3. 

[0040] In the foregoing examples, the hydrogen atoms 1 are, for 



example, used for etching. However, hydrogen ions, or 
the plasma of other gases CF^ or NF^ can also be used for 
etching. 

[0041] In the foregoing descriptions, although the etching pro- 
cess is applied to the semiconductor film, the invention is 
also suitable for use in metal film. 

[0042] In use of above descriptions of novel method to form the 
semiconductor film, the formation of gate insulator, the 
photolithographic and etching processes, the TFT fabrica- 
tion processes including the semiconductor deposition, 
semiconductor patterning, and the formation of the gate 
insulator can be performed without exposing to the air. 
FIG. 6 is a drawing, schematically illustrating the equip- 
ment of semiconductor fabrication in multiple chambers, 
according to a preferred embodiment of the invention. In 
addition to FIG. 6, FIGs. lA-lF are used to describe the 
formation of the structure on the substrate. 

[0043] The glass substrate 10 is transported to the vapor deposi- 
tion chamber 114 of FIG. 6 for depositing the oxide film 
to serve as the protection film 15. The substrate 10 is 
transported to the vapor deposition 113 for depositing 
the semiconductor film 20f. Then, the substrate 10 is 
transported to the light beam exposure chamber 112, and 



the light beam 40 passing through the maslc 3 illuminates 
the semiconductor film 20f for the surface-oxide as de- 
scribed in FIG. 4A or the phase-change for crystallizing 
the semiconductor film as described in FIG. 5A. Then, the 
substrate 10 is transported to the vapor etching chamber 
118 to etch the portion of the semiconductor film 20f not 
being covered by the surface oxide or not converted into 
the phase of poly-crystal. As a result, the semiconductor 
island 20 remains as shown in FIG. IB. The surface shape 
of the semiconductor island 20 can be any one in FIGs. 
lOA-lOD. Then, the substrate 10 is transported to the va- 
por deposition chamber 114, as shown in FIG. IC, and the 
insulating film 30a and the semi-transparent film 30b are 
deposited. The substrate 10 is again transported to the 
light beam exposure chamber 112, as shown in FIG. ID 
and FIG. IF, the light beam 40 is used to crystallize the 
semiconductor island. In the foregoing processes, it is not 
necessary to be exposed to the air. Since the insulating 
film 30a can be directly used as the gate insulator, the in- 
terface between the semiconductor island 20 and the gate 
insulator 30a can be assured to be good quality, so that 
high uniformity and high performance of TFT can be 
achieved. 



[0044] In addition, tlie metal deposition cliamber can be used to 
deposit tlie metal film or semiconductor film in low resis- 
tance to serve as the gate film. Then, using the patterning 
process as described in FIGs. 4A-4B and 5A-5B, the shape 
of gate electrode can be patterned. Or, the light beam ex- 
posure chamber 112 can also be used as the vapor etch- 
ing chamber. 

[0045] Embodiment 1 

[0046] FIGs. lA-lF are used to describe a first embodiment of 
the invention. In FIG. lA, the silicon oxide or silicon ni- 
tride film is deposited on the substrate 10 to serve as the 
protection film 15. The protection film can use the 
PEGVD(plasma enhanced chemical vapor deposition) using 
tetra ethoxy silane (TEOS) with oxygen and nitrogen as the 
raw materials, under a temperature of, for example, 300 
°C, so as to deposit a thickness of 300 nm. However, SiH^ 
with oxygen or nitrogen can be also used for raw materi- 
als for PEGVD. An amorphous silicon film with a thickness 
of 50 nm to serve as the semiconductor film 20f is de- 
posited on the protection film 15. The deposition process 
was PEGVD using SiH^as the raw material under a temper- 
ature of, for example, 500°G. In FIG. IB, the amorphous 
silicon film is patterned to form the semiconductor island 



20. The surface of the semiconductor island 20 has the 
shape as shown in FIGs. lOA-lOD. The semiconductor is- 
land 20 has a size of 0.2Mm x 0.4|jm up to ISpim x 
30nm. In FIG. IC, a silicon oxide film with thickness of 
100 nm is formed on over the semiconductor island 20, to 
serve as the insulating film 30a. The deposition process of 
silicon oxide film can be, for example, PECVD method us- 
ing TEOS and oxygen as the raw material under a temper- 
ature of, for example, 300°C. In FIG. IE, an silicon oxyni- 
tride film with thickness of 100 nm 1200 nm is deposited 
to serve as the semi-transparent film30b, wherein the ab- 
sorption coefficient with respect to light beam 40 is about 
2000-20000 cm"\ and preferably 4000-12000cm"\ The 
silicon oxynitride film is deposited by PECVD using SiH^, 
O, and N as the raw material under a temperature of, for 
example, 300°C. 
[0047] In FIG. ID, the light beam 40 illuminates over the sub- 
strate 10 to cause the semiconductor island 20 to be 
crystallized. For the size of the semiconductor island 20 in 
y direction in FIGIOA-C is less than 4 microns, the crys- 
tallized grains have the shape as shown in FIGs. IIA - 
lie. Or in FIG.IOD, for the distance from the joining re- 
gion 220 of the semiconductor island 20 and the semi- 



conductor peninsula in FIG. lOD to any side is less than 2 
microns for this semiconductor island 20, the crystal is 
about a single crystal without obvious grain boundary as 
shown in FIGs. IID. When the size of the semiconductor 
island 20 is greater above dimensions, then small gains at 
region 205, as shown in FIGs. IIE-IIF, occurs due to in- 
sufficient lateral growth length. Under this consideration, 
after the step in FIG. IC such as FIG. IE, a silicon oxyni- 
tride with thickness of 10 nm 1200 nm to serve as the 
semi-transparent film 30b is formed, wherein it has the 
absorption coefficient of 2000-20000 cm~^, and prefer- 
ably 4000-12000cm"Vith respect to light beam 40. The 
silicon oxynitride film is deposited by using SiH , 0, and N 
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as the material with the PECVD. In FIG. IF, the light beam 
40 illuminates the silicon film. For the semiconductor is- 
land in FIGs. 10A-C,even if the semiconductor island in y 
direction is greater than 4 microns, the grain shapes in 
FIGs. IIA - lie can be obtained without difficulty. For the 
semiconductor in FIG. lOD, even if the distance from the 
Joining region 220 of the semiconductor island 20 and the 
semiconductor peninsula to any side is greater than 2 mi- 
crons, the grain shapes in FIGs. IID can be obtained 
without difficulty. 



[0048] Now, the subsequent processes for forming the TFT are 
performed. The semiconductor island 20, as shown in 
FIGs. IIB- IID, directly serves as the active area of the 
TFT. When the surface of the silicon island 20 has only the 
insulating film 30a without the semi-transparent film 30b, 
the insulating film 30a is directly used as the gate insula- 
tor. When the surface has also the semi-transparent film 
30b, as shown in FIG. IF, then the semi-transparent film 
30b is removed by etching, as shown in FIG. ID, and the 
insulating film 30a are used as the gate insulator. 

[0049] In FIGs. 7-9, the subsequent processes for TFT are de- 
scribed. The sputtering deposition is used with, for exam- 
ple, metal such as Ta to from the metal film over the gate 
insulator 30a in FIG. ID. The metal film is patterned to 
form the electrode 60. The different shapes of the semi- 
conductor island as the gate electrode can be determined 
according to the drawings IIB - IID. 

[0050] Th shape of semiconductor island is in FIG. IIB - IIC are 
described first. The gate shape can be dual gate structure 
as shown in FIG. 7A and FIG. 7B or the single gate as 
shown in FIG. 8A and FIG. 8B. In these two shapes, the 
gate electrode is not on the central gain boundary 201b. 
When the shape of the semiconductor island 20 is shown 



in FIG. IID, then since tlie semiconductor island 20 is a 
single crystal, the gate shape for the single gate or the 
multi-gate can be formed. FIGs. 9A - 9B are the example 
of single gate. The embodiment with single gate is shown 
in FIG. 9A and FIG. 9B. 

[0051] In the following, FIGs. 7C-7D or FIGs. 8C- 8D, or FIGs. 9C 
- 9D are described. Taking the gate electrode 60 as the 
mask, the donors or the acceptors in ions are implanted 
into the source region 20b, drain region 20c of the semi- 
conductor island, and the adjacent region to the grain 
boundary 201b in FIGs. 7C - 70. 

[0052] As shown in FIGs. 7E-7F, FIGs. 8E-8F, or FIGs. 9E - 9F, the 
silicon oxide film is deposited to serve as the inter-layer 
insulating film 90. The deposition process can be PECVD 
with materials of TEOS and oxygen and nitride. The laser 
annealing, the furnace annealing, or the rapid thermal an- 
nealing can be performed to activate the implanted 
dopants. Then, the inter-layer insulating film above the 
source region and the drain region is patterned by pho- 
tolithographic and etching processes to form a contact 
hole 87. After the source electrode 70 and the drain elec- 
trode 80 are formed, the TFT is accomplished. 

[0053] According to the fabrication processes for TFT in the in- 



vention, since there is no tlie grain boundary perpendicu- 
larly crossing over the moving direction of the carriers at 
the channel under the gate electrode, and the gate insula- 
tor is annealed by laser, the TFT of the invention can 
achieve high performance. In the embodiment, the shape 
of semiconductor island in FIG. lOB and FIG. IOC can have 
the good device property with electron mobility by 360 cm 

2 

/V-s. The shape of semiconductor island in FIG. lOD can 
have the good device property with electron mobility by 
460 cm^/V-s. 
[0054] Embodiment 2 

[0055] The embodiment of the invention has described the novel 
technology of photolithographic and etching process 
without using the photoresist and without exposing into 
the air, as shown in FIG.l and FIG. 6. FIGs. lA-lF describe 
the fabrication processes for the TFT. FIG. 6 is the equip- 
ment in several processes chamber to perform the pro- 
cesses. For the equipment in FIG. 6, it includes the vapor 
deposition chamber 113, 114 for deposition, the light 
beam exposure chamber 112 for illuminate the light beam 
over the substrate, the vapor etching chamber 118, the 
loading chamber 116, the robot arm 121, and the vacuum 
system 119. In addition, the pre-process chamber 117 is 



used to clean the substrate. 

[0056] The substrate 10 is loaded in the loading chamber 116, 
and then transported to the pre-process chamber 117 
through the stack chamber 115 for cleaning. Then, the 
substrate 10 is shifted to the vapor deposition chamber 
114 to perform PECVD with TEOS, so as to form the pro- 
tection film 15 over the substrate 10 in FIG. lA. The sub- 
strate 10 is shifted to the vapor deposition chamber 113 
for performing PECVD with SiH^ to form the amorphous 
silicon film as the semiconductor film 20f. After deposit- 
ing the semiconductor film, the surface is at a state termi- 
nated by the hydrogen atoms for lasting few hours with- 
out being oxidized. The substrate 10 is then shifted to the 
light beam exposure chamber 112. 

[0057] As described in FIGs. 4A-4B, the chamber 112 is in the 
oxygen ambience, and the amorphous silicon film 20f is 
illuminated by the light beam 40 through the mask 3. Af- 
ter the silicon surface being originally terminated with the 
hydrogen atoms is illuminated by the laser, the hydrogen 
atoms departs and the surface in the oxygen ambience 
forms a quite thin silicon oxide film 22. The pattern of sil- 
icon oxide on the surface is from the light beam capable 
of passing the mask 3. The intensity of light beam is 



about 0.01- 800 mj/cm^, and preferably 0.1- 200 mj/cm 
^. It has already been sufficient to perform once. Then, the 
substrate 10 is shifted to the vapor etching chamber 118. 
In the vapor etching chamber 118, the tungsten filament 
(not shown) is used to raise the temperature up to 1500°C 
- 2500°C. The hydrogen gas is flushed over the tungsten 
filament to de-couple the hydrogen gas into hydrogen 
atoms. In FIG. 4B, when the substrate 10 is under hydro- 
gen ambience, since the etching rate for the silicon film 
20f is much larger than the silicon oxide 22, the portion 
of the silicon film 20f without being covered with oxide is 
selectively etched. As a result, the pattern of the mask 
forms the pattern of the semiconductor island 20 , such 
as silicon island 20, as shown in FIG. IB. The shape of the 
silicon island 20 can be, for example, any one in FIGs. lOA 
lOD. Then, the substrate 10 is shifted to the vapor depo- 
sition chamber 114, as shown in FIG. IG, for depositing 
the silicon oxide film with thickness of 100 nm over the 
semiconductor island 20 to serve as the insulating film 
30a. The deposition uses mainly TEOS and oxygen and ni- 
trogen as the material in PEGVD. After then, SiH^ and oxy- 
gen and nitrogen as the materials in the same chamber 
114 to perform PEGVD to form the silicon oxynitride film 



as the semi-transparent film 30b by the thicl<ness of 100 
1200 nm and absorption coefficient of 2000-20000 cm~^, 
and preferably 4000-12000cm~^ with respect to the illu- 
minating light beam 40. 

[0058] The substrate 10 is then shifted to light beam exposure 
chamber 112 in FIG. 6 for illuminating the light beam 40 
on the semiconductor island 20 as shown in FIG. ID or 
FIG. IF. As a result, the crystal grains shown in FIGs. IIA 
- IID are obtained. 

[0059] The process now is shifted to the TFT fabrication pro- 
cesses. If the surface of the silicon island 20 only has the 
insulating layer 30a but no the semi-transparent film 30b, 
then the insulating film 30a can remain to directly serve 
as the fate insulator. If the semi-transparent film 30b is 
also included, the semi-transparent film 30b is removed 
by etching to have the insulating film in FIG. ID as the 
gate insulator. 

[0060] The TFT is continuously fabricated by the subsequent 

processes, as described in embodiment 1. In this embodi- 
ment 2, during the fabrication processes for TFT in FIG. 
lA-lF, the deposition protection film 15, the formation of 
semiconductor film 20f, the patterning process for the 
semiconductor island 20, formation of the gate insulator 



30a and the semi-transparent film 30b, laser annealing 
on the semiconductor island 20 and the gate insulator 30a 
are at least performed in series without being exposed 
under the air. As a result, the improvement of device per- 
formance, uniformity of device property, and improve- 
ment of yield are having significant effect. According to 
the invention, the N-type TFT can have good properties of 

2 

the electron mobility by 560 cm /V-s, the subthreshold 
swing of 0.2 V/dec, threshold voltage Vth of O.IV. Also 
and, the threshold voltage of TFT has the distribution 
within 50mV. 
[0061] Embodiment 3 

[0062] FIGs. lA-lF and FIG. 6 are used to described the embodi- 
ment. FIGs. lA-lF describe the fabrication processes for 
TFT, the equipment as described in FIG. 6 is used for ac- 
tual fabrication machines. 

[0063] The substrate 10 is loaded in the loading chamber 116, 
and then transported to the pre-process chamber 117 
through the stack chamber 115 for cleaning. Then, the 
substrate 10 is shifted to the vapor deposition chamber 
114 to perform PECVD with TEOS, so as to form the pro- 
tection film 15 over the substrate 10 in FIG. lA. The sub- 
strate 10 is shifted to the vapor deposition chamber 113 



for performing PECVD with SiH^ to form the amorplious 
silicon film as the semiconductor film 20f in FIG. lA, 
[0064] Then, the substrate 10 is then shifted to the light beam 
exposure chamber 112. As described in FIGs. 5B, the 
amorphous silicon film 20f is illuminated by the light 
beam 40 through the mask 3 to convert into the polysili- 
con film 20g. The pattern being converted into polysilicon 
matches to the pattern of the mask 3 for the portion al- 
lowing light beam to pass. The intensity of laser is about 
20- 800 mj/cm^, and preferably 100- 400 mj/cm^. It has 
been sufficient for performing once. Then, the substrate 
100 is shifted to the vapor etching chamber 118. In the 
vapor etching chamber 118, the tungsten filament (not 
shown) is used to raise the temperature up to 1500°C - 
2500°C. The hydrogen gas is flushed over the tungsten 
filament to de-couple the hydrogen gas into hydrogen 
atoms. In FIG. 5B, the hydrogen atoms are used to etch 
the silicon film. Since the etching rate on the amorphous 
silicon at region 20f is larger than the polysilicon at region 
20g, the amorphous silicon at the region 20f is selectively 
etched and the polysilicon at region 20g remains. As a re- 
sult, the pattern for the mask allowing the light beam to 
pass determines the pattern of silicon island 20. Up this 



step, the structure is shown in FIG. IB. 

[0065] The shape of silicon island 20 can be any one in FIG. lOA- 
lOD. Then, the substrate 10 is shifted to vapor deposition 
chamber 114. As shown in FIG. IC, a silicon oxide film is 
deposited on the semiconductor island 20 with thickness 
of 100 nm to serve as the insulating film 30a. The deposi- 
tion uses mainly TEOS and oxygen and nitrogen as the 
material in PECVD. Then, another PECVD with SiH^, oxy- 
gen, and nitrogen is performed at the same chamber 114 
to form a silicon oxynitride film to serve as the semi- 
transparent film 30b, with thickness of 100 1200 nm and 
absorption coefficient of 2000-20000 cm"^, and prefer- 
ably 4000-12000cm"^with respect to light beam 40. 

[0066] The substrate 10 is shifted to the light beam exposure 

chamber 112 in FIG. 6, and then for illuminating the light 
beam 40 on the semiconductor island 20 as shown in FIG. 
ID or FIG. IF. As a result, the crystal grains shown in FIGs. 
IIA - IID are obtained. 

[0067] The process now is shifted to the TFT fabrication pro- 
cesses. If the surface of the silicon island 20 only has the 
insulating layer 30a but no the semi-transparent film 30b, 
then the insulating film 30a can remain to directly serve 
as the fate insulator. If the semi-transparent film 30b is 



also included, the semi-transparent film 30b is removed 
by etching to have the insulating film in FIG. ID as the 
gate insulator. 

[0068] The TFT is continuously fabricated by the subsequent 

processes, as described in embodiment 1. In this embodi- 
ment 3, during the fabrication processes for TFT in FIG. 
lA-lF, the deposition protection film 15, the formation of 
semiconductor film 20f, the patterning process for the 
semiconductor island 20, formation of the gate insulator 
30a and the semi-transparent film 30b, laser annealing 
on the semiconductor island 20 and the gate insulator 30a 
are at least performed in series without being exposed 
under the air. As a result, the improvement of device per- 
formance, uniformity of device property, and improve- 
ment of yield are having significant effect. According to 
the invention, the N-type TFT can have good properties of 

2 

the electron mobility by 560 cm /V-s, the subthreshold 
swing of 0.2 V/dec, threshold voltage Vth of O.IV. Also 
and, the threshold voltage of TFT has the distribution 
within 50mV. 

[0069] In the foregoing descriptions, although the TFT structure 
has no the light-doped drain (LDD) structure, the LDD or 
the GOLD can also be suitable for use in the embodi- 



merits. 

[0070] In the foregoing descriptions, a preferred range of tlie ab- 
sorption coefficient for tlie semi-transparent layer is 
shown as the example. The absorption coefficient may ac- 
tually vary with the wavelength of the excimer laser being 
used. However, the inventive aspect remains the same for 
the different wavelengths of light beam, such as 248 nm, 
308nm, or 351 nm, which do not cause effective differ- 
ence in results. 

[0071] In addition, the invention is not limited to TFT. Under the 
same principle of the invention, it allows various changes. 
For example, the material or the materials, or the deposi- 
tion method can be properly changed according to the ac- 
tual application and designs. 

[0072] jhe invention provides the method for fabricating TFT. It 
is not necessary to include the photoresist used in con- 
ventional photolithographic and etching processes. Also 
and, the photolithographic and etching processes are not 
necessary to be exposing under the air. By a simple pro- 
cess, the silicon island by lateral growth or single-crystal 
silicon island can be achieved. The property of gate insu- 
lator can be improved. As a result, the fabrication process 
for TFT can significantly improve the TFT performance, 



the yield, and the throughput. 
[0073] It vvill be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing descrip- 
tions, it is intended that the present invention covers 
modifications and variations of this invention if they fall 
within the scope of the following claims and their equiva- 
lents. 



